Background: Invasive aspergillosis is a complication in immunocompromised patients and commonly detected in patients with hematological malignancies, which mostly affect the lungs. Because of its high iodine content, rich blood supply and capsule, the thyroid is considered to be less prone to microbial invasion thus most infectious thyroiditis cases are caused by bacteria. However, a few case reports have described thyroid gland aspergilloses, most of which were due to disseminated invasive aspergillosis.
Background
Aspergillus fumigatus is the most common form of aspergillus infection in humans, accounting for 70-80% of these infections [1] . Invasive aspergillosis is an increasingly frequent opportunistic infection in immunocompromised patients such as those with an organ transplant, hematological malignancy, those receiving certain types of chemotherapy, patients infected with human immunodeficiency virus, and other types of immunosuppression therapy [2, 3] . Most often through aerosolizing, aspergillus spores first colonize the respiratory tract and related structures such as the nasopharyngeal and facial sinuses. Further immunosuppression markedly increases the risk for invasive disease characterized by tissue invasion and secondary bloodstream dissemination [4] . The majority of thyroid aspergillosis cases are caused by disseminated invasive aspergillosis and are frequently diagnosed postmortem since they can be apparently symptomless or the clinical appearance is complicated by their comorbidities [5] .
Case presentation
A 56-year-old female patient was transferred to our department of critical care medicine, Huashan hospital in Shanghai in June 2016 after she received treatment in a local hospital for productive cough, tachypnea and respiratory distress. She complained of recurrent fever and asymmetric edema of the lower extremities for over 1 month, as well as painful swelling both in the thyroid and labium majus for 2 weeks. In the previous hospital, due to the finding of multiple bilateral cysts which were palpable nodules in her thyroid gland by ultrasound examination, a left lobe thyroid puncture and drainage had been conducted and an aspergillus fumigatus infection was detected. She had a history of systemic lupus erythematosus (SLE) and lupus nephritis for 8 years, and received prednisone treatment for these diseases. But from November 2015, prednisone was switched to methylprednisolone, and hydroxychloroquine has been added because of lupus nephritis aggravation, and tacrolimus has also been added to the medications in the following month. She was also diagnosed with renal hypertension and diabetes induced by steroids, and received antihypertension and antihyperglycemic therapy. She had no history of pulmonary diseases such as chronic obstructive pulmonary disease (COPD), asthma, or any repeated infections, and had no addiction to drugs, smoking or alcoholism. Previous examinations showed no evidence of neutropenia. The ratio of CD4/CD8 was 0.33. Only one aspergillus test was positive in repeated sputum cultures. The galactomannan aspergillus antigen and culture tests in BALF were negative, so were blood and urine cultures including fungi. Our chest computed tomography (CT) imaging revealed bilateral patchy lung opacities in the middle and lower lobes, along with multiple shadows of fibrotic streaks, high-density nodules and mediastinal calcification of lymph nodes (Fig. 1) . The diagnosis of pulmonary infection was established, and pathogen was highly suspected of aspergillus according to the previous finding of thyroid puncture and drainage. An ultrasound examination showed thrombosis in the bilateral femoral veins and popliteal veins. In addition, a 51 × 16 mm hypoechoic lesion was detected in the left subcutaneous perineal region. We continued voriconazole therapy in a standard treatment dose (200 mg twice a day), but her body temperature was still up to 37.6°C intermittently. Her white blood cells were 15.61 × 10 9 /L (neutrophils 90.8% and lymphocytes 5.4%), hemoglobin was 93 g/L, and platelets were 295 × 10 9 /L. Except hyperglycemia, proteinuria, and hypoproteinemia, other routine laboratory tests were unremarkable, which including thyroid hormone levels. A neck CT showed findings consistent with a fluid collection in the right thyroid lobe (Fig. 2) . Cultures of aspirated purulent fluid showed aspergillus fumigatus growth, which was obtained from fine needle aspirations in both thyroid and perineum. Five days after being transferred to our hospital, the patient's thyroid drainage tube was removed because no further fluid was drained out. We continued the voriconazole dose 400 mg per day as anti-aspergillosis therapy with 16 mg methylprednisolone and 400 mg hydroxychloroquine per day as immunosuppressive therapy, along with a therapeutic 4100 iu q 12 h dose of nadroparin calcium. The patient's fever was relatively controlled and white blood cells decreased to 10.74 × 10 9 /L (neutrophils 91.7%, and lymphocytes 4.7%). Lesions in the thyroid and subcutaneous labium majus became significantly smaller, and the pain was greatly relieved. On the eighth day of hospitalization, the symptoms had improved and the patient was discharged from our hospital. She continuously took voriconazole orally (400 mg per day) for 6 months, combined with caspofungin for the initial 2 weeks (first day 70 mg, then 50 mg per day). After 1 month of antifungal treatment, she was afebrile and all the clinical symptoms were relieved. The patient is on a follow-up for 1 year and has been free of aspergillosis for 6 months. Hydroxychloroquine treatment ceased in April 2017, and methylprednisolone dose was reduced in a tapered manner.
Review of the literature
To explore thyroid or genital involved invasive aspergillosis in clinical practice, we collected the English literature up to June 2017 for all reports of aspergillosis with thyroid Fig. 1 Chest computed tomography showed the bilateral patches in the lungs of the patient as opacities in the middle and lower lobes, multiple shadows of fibrotic streaks, high-density nodules, and mediastinal calcification of lymph nodes or genital involvement through searches of MEDLINE, EMBASE, and Web of Science. Case reports of neonate or infant patients were excluded because of the immaturity of neonatal skin barrier and immune system. Key words were "aspergillosis", "aspergillus", "disseminated disease", "extra-pulmonary aspergillosis", "thyroid", "perineum", "aspergillus thyroiditis", and "genital aspergillosis". Finally, we found 36 articles describing aspergillus infections in 41 patients, from which 7 articles (7 patients) were diagnosed only with genital aspergillosis and 4 cases in an article [6] did not indicate aspergillus thyroiditis. A total of 29 articles describing 29 cases of diagnosed aspergillus infections involving thyroid gland were included for further analysis (Fig. 3) .
Most of the aspergillus thyroiditis cases were diagnosed at the age of 11-30 year old (12 cases) [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] and 7 cases were over 60 years old [3, [19] [20] [21] [22] [23] [24] . 13 of 29 patients had primary infection in lung or airway (44.8%) and primary aspergillus thyroiditis was reported in 12 cases. Except for 1 case [25] , all the other patients had critical underlying 
Treatment and survival
Almost all of the patients received glucocorticoid and/or immunosuppressive agents, but only 10 patients [7, 11, 13, 14, 17, 18, 20, 24, 31, 33] suffered from neutropenia at the moment of aspergillosis diagnosis. Furthermore, only 2 of the neutropenia patients survived [17, 18] . Aspergillus thyroiditis appeared to be a high mortality disease, even under treatment by both antifungal drugs and surgery. Altogether, 10 patients survived [8, 9, 15, 17-19, 23, 25, 27, 29] and most of them were reported in the last couple of decades except one who survived in 1972 [9] . Six of the 10 patients had been treated with voriconazole with or without caspofungin or amphotericin B [8, 15, 17, 19, 27, 29] , while only 2 of the survivors were successfully cured by amphotericin B monotherapy [9, 18] . It was remarkable that a total thyroidectomy without antifungal agents could also lead to survival in primary aspergillus thyroiditis excluding dissemination [25] . Probably many cases of genital involved disseminated aspergillosis were not reported, since it was a subset of cutaneous aspergillus infection. There were 7 reports of cutaneous and/or subcutaneous aspergillosis in the genital area identified in the literature [34] [35] [36] [37] [38] [39] [40] . Different from expectations, not all of the patients complained of skin lesions as the first clinical presentation. A variety of other symptoms were also revealed such as fever, perineum irritation, and difficulty in urination, defecation and sexual activity. Debridement was necessary and effective for most of the patients, while systemic antifungal administration was the cornerstone of successful treatment.
Discussion and conclusion
Aspergillus species are ubiquitous and can be found in soil, dust, vegetation and decaying plant material [41] . It is the second most common cause of opportunistic fungal infection in humans after Candida albicans. It causes a severe infection in immunocompromised patients resulting in high mortality. Difficulty and delay in diagnosis and treatment often contributes to fatal outcomes. Commonly, it presents as a pulmonary infection, which invades the lung parenchyma and vasculature and later spreads to other organs. It has angioinvasive properties, which enables the fungus to disseminate via hematogenous spread.
The remarkable resistance to infection of the thyroid gland is due to its high iodine content, hydrogen peroxide production, abundant lymphatic and vascular supply, and its encapsulated location [42] . Postmortem studies have shown that thyroid aspergillus involvement constitutes 12% of extra pulmonary disease [43] .
Whether aspergillus thyroiditis is an infrequent disease in populations remains to be established. In our case, the patient suffered from suppurative lesions due to aspergillus fumigatus both in the thyroid gland and subcutaneous tissue in the genital area. Although fungemia was never documented, the patient most likely had disseminated aspergillosis resulting from hematogenous spread. Pulmonary involvement had a strong possibility in this case considering of the radiological manifestations, despite the lack of a positive result from respiratory specimens. It is also possible that our patient contracted the infection from colonization of adjacent tissue, such as airway, related sinuses, and skin in the genital area.
The majority of aspergillus thyroiditis cases were asymptomatic and diagnosis was primarily classified at postmortem. In fact, local signs and symptoms of fungal thyroiditis are indistinguishable from symptoms of other infectious thyroiditis. Clinical diagnosis of aspergillus thyroiditis during life continues to be a major challenge. Fine needle aspiration cytology and culture have been the most frequent and successful diagnostic tests for detecting aspergillus thyroiditis ante mortem. It also plays an important role in the diagnosis of aspergillosis involving skin and soft tissue, which could difficult to distinguish by the naked eye.
Early diagnosis of aspergillosis and the establishment of aggressive therapy before more widespread dissemination of the infection likely contributed to the successful a including dyspnea/ shortness of breath/ respiratory insufficiency/ airway compromise treatment in this patient. A satisfactory outcome of invasive aspergillosis is predicated on the return of normal bone marrow function and the prompt starting of appropriate antifungal agent therapy systemically as soon as the diagnosis is established. Treatment should include the judicious use of surgical intervention as clinical circumstance may indicate. As far as our patient was concerned, drainage was effective and remained an integral component of therapy for resolution of the aspergillus abscess.
Phagocytes, particularly neutrophils, play a critical role in the host's defense against aspergillus. Studies have demonstrated that the incidence of invasive aspergillosis is directly related to the duration of neutropenia [44] . For disseminated disease, a reduction of immunosuppression can also help [5] .
Amphotericin B was the mainstay of treatment for aspergillus infections even up to the 1990s, although nephrotoxicity limited its use and its efficacy was poor, especially in disseminated disease [45, 46] . Advancements in antifungal therapy have led to increased survival in patients with aspergillus infections. Voriconazole has better responses and improved survival compared to amphotericin B in invasive aspergillosis monotherapy [47] , while caspofungin has been widely used as an effective 'rescue' therapy [48] . Combination medical therapy is a subject of great interest. The synergistic effect of voriconazole and caspofungin against aspergillus is supposed to involve the simultaneous inhibition of cell membrane and cell wall biosynthesis. This suggests that a combination of voriconazole and caspofungin might reduce mortality in critically ill patients.
Aspergillus thyroiditis typically begins with a brief hyperthyroidism phase due to the release of thyroid hormone as a result of follicular cell damage. Then transient euthyroidism ensues, usually followed by hypothyroidism that ultimately recovers to euthyroidism. Therefore, the thyroid function test can show variability [5] . Thyroid hormone levels ranged from those characteristic of hyperthyroidism to those typical of hypothyroidism. The management of thyroid hormone dysregulation is less often reported in the literature than the antifungal profile. The majority of our reviewed cases did not report the use of oral thyroid medications, and 2 cases reported that thyroid function could be normalized within 2 weeks following the initiation of antifungal therapy [9, 19] . This finding suggests that symptomatic treatment is sufficient for most patients due to the lack of thyroid-related symptomatology, even with laboratory evidence of thyroid dysfunction.
Invasive aspergillosis is a relatively frequent fungal infection occurred in immunocompromised patients, but aspergillus thyroiditis has been rarely reported. Aspergillosis involving the thyroid gland produces a high mortality rate > 60%, despite updated reports of patients treated with a novel azole, voriconazole, and an echinocandin, caspofungin. Early diagnosis of aspergillosis is a key to successful treatment. The clinicians must maintain a high level of diagnostic suspicion among those high-risk patients who present with fever and findings localized to the thyroid region or skin as well as soft tissue. Careful and thorough examinations are probably more important in those patients rather than subjective complaints, since a number of patient conditions are asymptomatic in the initial stage of invasive aspergillosis.
